Abstract. The analysis of AM CVn has raised some special problems. One is the missing 1051 s and 1011 s periods. Another is related with a period of about 7.6 days which is clearly seen in the data but disappears in the whitening process. The basic problem in this case is, however, how to discover signals from a star embedded into a bright disk. The observed pulses are resolved in triplets and doublets with a constant frequency splitting. This is a sign of g-mode pulsations. We have also observed sums of frequencies and frequency doubling which are signs of the nonlinear behaviour.
Introduction
is the 3rd of the interacting binary white dwarf stars observed with the WET. The two others (PG 1346+082 and V803 Cen) were observed in 1989. They are irregular variables between a high state about 13.5 mag and a low state about 17 mag. For V803 Cen, the data sampling was too sparse to give significant new information (O'Donoghue et al. 1990 ). For PG 1346+082, the coverage was much better, but the object varied between a low state and an intermediate state during the run, making the data analysis complicated .
For PG 1346+082, a band of power in the Fourier transform (FT) was resolved into 15 separate periodicities and the amplitude of the band decreased in proportion to the increase in the system brightness when it changed from a low to a high state, indicating that the period band originated in a portion of the system that maintains constant luminosity during an outburst. This hints that the source of pulsations might be located on the accreting white dwarf in the system.
For AM CVn, we have only observed variations on a few per cent level. The spectrum of AM CVn is quite similar to that of V803 Cen and PG 1346+082 in their high state, indicating that AM CVn is like a dwarf novae stuck in its high state (Solheim 1992) .
Previous observations of AM CVn showed (Solheim et al. 1984 ) that the light curve was apparently modulated by a period of 1051 s, but the FT of the light curve showed only higher harmonics of the 1051 s period (PQ), with most of the power at the Po/2 = 525.5 s period. In addition, a period of 1011 s, with almost the same power as the 525 s period but with no higher harmonics, was observed Over the years, a discussion about the stability of the periods and the size and sign of the period changes has taken place. Many values of P have appeared in the literature. Solheim et al. (1984) showed that most of the published P values can be explained as being due to one period. Which period to select as the correct one is uncertain, because of possible cycle count errors in the O -C calculations. It was shown that the most likely choice of cycle counts gave P = -(1.6 ± 0.3) • 10~1 2 ss" 1 , if the period is 525.5 s.
Another problem left unexplained was the observed phase jitter. There seemed to be small systematic changes in the phase for the strongest period which continued for some weeks, but then the phase was reset to its old value by something like a glitch (Solheim et al. 1984) . Investigation of this phase jitter was one of the reasons for the XCOV4 campaign on AM CVn.
The main reason for the WET campaign was, however, to investigate the periods observed in AM CVn, in particular the relation between the 1011 s and 525 s periods and the missing period of PQ = 1051 s. The question was if any of these periods could be related to the orbital, rotational or pulsational periods which might be observed in the system. In a long series of data as provided by the WET, we might also observe signs of nonlinear behaviour in the light curve, which shows up as sums or differences of frequencies. In the following, we shall present a short summary of the observations and the data analysis, which will be published in more detail elsewhere (Solheim et al. 1994) . We shall discuss some problems which require special attention in the data analysis. It should be noted that the interpretations given in the following, represent a preliminary analysis of the data, presented at the first WET Workshop in 1991. A more up-to-date analysis is given in the next paper in these proceedings (Solheim 1993) .
XCOV4 observations and data analysis
The campaign XC0V4 took place between March 22 and April 3, 1990 and gave in total 143.2 hrs of useful data (Solheim et al. 1994 ). The duty cycle was about 50 %, and the window function quite narrow (Fig. 2) . In the data reduction we used the standard WET tools described elsewhere in these proceedings.
In the data set we are not able to detect the 1051 s period which was claimed to modulate the light curve. Table 1 shows the strongest peaks in the FT spectrum and the relation between some of the peaks. We find that the higher frequencies are sums or doubles of two frequencies: fi = 1902.6 //Hz and ¡2 = 2853.8 /iHz. In addition, we discover a constant frequency splitting of Af = 20.8 fi Hz. 
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Frequency ( If we make a synthetic light curve based on the periods, phases and amplitudes observed, we immediately find that the 1051 s period (which is l/(/2 -/i)) is recovered. We also find that the light curve changes character from showing 'unequal bumps' to 'equal bumps' (Fig. 3 ). Light curves with unequal bumps have previously (Solheim 1984 ) been interpreted as a proof of primary and secondary minima, which are expected in eclipsing systems.
We find that our spectrum has two triplets and two doublets with equal frequency spacing of 20.8 /xHz for the 525 s and the 350 s periods and two of their higher harmonics. This is quite different from what we observe for PG 1346+082 (Fig. 2) same range as for PG 1159-035 which, however, has a much richer spectrum of triplets and quintuplets .
The phase jitter reported earlier may be explained by the multiplet structure in the strongest period bands and the way we usually observe the object. The beat period of the 20.8 /¿Hz splitting is 13.4 hrs, which gives a systematic drift from night to night and resets itself on a time scale which is longer than the normal length of an observing run at dark time.
The sum of frequencies f\ and /2 observed can be interpreted as a sign of nonlinear effects as observed in GD 358 (Winget et al. 1993) but the spectrum is extremely poor (few frequencies) compared with GD 358.
The stability of the pulsations observed
Calculations have shown (Caroll et al. 1985 ) that a disk can only support coherent period-bands of periods less than 140 s, while longer quasi-periodic pulsations are possible. It is, therefore, important to test the coherency of the observed pulsations.
The first step, if we want to demonstrate coherency, is to divide the data set into two parts (Fig. 4) . We find that the two strongest pulsations axe equal in amplitude, but that the peaks at 262.8 s, 210.2 s and 175 s are significantly stronger in the second part. We find signs of 1011 s and 1028 s peaks in the second part only. Dividing the data set into four parts (Fig. 5) confirms the impression that the higher frequencies in Table 1 have higher amplitudes in the last part of the campaign. We also note that the peaks in panel 3/4 are more fuzzy, which is due to less dense coverage in that part.
Finally, we split the data set into nine parts, each longer than 13.4 hrs, to be sure that we resolve the multiplet structure of 20. 
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both cases we have used 6 = 1.5 /iHz which also fits the amplitude and phase variations for the strongest of the other pulses in Table 1 . This type of amplitude and phase variations may provide us with a tool to discover unresolved frequency splitting. However, in this case the modulation is most probably an artifact of our data analysis. To investigate this, we have to look carefully at the window function in Fig. 2 . We find that A/ + 1.5 /iHz is very close to a sideband created by the data sampling. There may be a possibility that the frequency splitting observed (A/) and the window have conspired to make this modulation. To verify, we prewhiten the light curve, subtracting a sinusoidal with the same period, amplitude and phase as the observed nearby sideband of 20.8 /iHz and analyse the result in the same way. The result is shown in Figs. 6c, 6d and 7c, 7d .
For the period 525.5 s, the amplitude is now constant except for a low value in sample 3, and we find no phase variations. For the period 519.9 s, the sinusoidal variations in amplitude have disappeared. We find a low amplitude in sample 2, but otherwise almost constant values. The phase seems to be drifting in this case, maybe with a glitch at sample 9. If we do the same analysis for the other peaks, sinusoidal variations with the period 7.6 days disappear, while some variations remain for some of the peaks (Table 2) .
From this we conclude that the periods 525.6 s and 350.4 s are stable, while the periods 1028.5 s, 519.9 s, 347.9 s, 345.4 s and 262.8 s have systematic drifts, and the rest are phase variable or uncertain in our data set. It should be emphasized that we can make only weak conclusions about the stability of the low amplitude pulsations. There are no indications of the energy transfer from one mode to the others, but the sums of frequencies observed signify a nonlinear behaviour, like what is observed for GD 358 (Winget et al. 1993 ). In addition, there is a disturbance between the 7th and 9th day which triggers many of the frequencies which may be related. Some of the higher frequencies, which are not phase stable, may be pulse shape harmonics of a stronger pulse created in that period.
Discussion
The multiplet structure with 20.8 /¿Hz frequency triplet splitting is a typical indication of I = 1 g-mode pulsations of a white dwarf star. The periods 525 s and 350 s are in the DOV or PG 1159-035 pulsator range.
These frequencies are 3/2 harmonics of each other and may be related to the same fundamental frequency /o = 1/1051 s. The strongest pulsation we observe has an amplitude of about 10 mma. If this pulsation originates on a star in a system with a disk, we have the situation described in Fig. 8 , which shows a disk spectrum D and the spectrum of a hot white dwarf of temperature T e = 150 000 K which gives an excellent fit to the observed spectrum of AM CVn in the range 1100-6000 A. The disk spectrum is calculated from model Ala of la Dous (1989) . The flux from the disk is about 140 times stronger than from the star in the wavelength range we observe with the WET photometers. This means that a pulse which we observe with a relative amplitude of 10 mma, would be of the order of 0.9 ma if we could observe it without light pollution from the disk. This is much larger than the amplitude of the WD-pulsators observed so far and is definitely in the nonlinear pulsation range. We should, A (A) Fig. 8 . Continuous spectrum of a small disk with a hot WD star (T e = 150000 K) in the center. In the WET spectral band, the disk is about 140 times brighter than the star. therefore, expect a nonlinear behaviour and pulse shape harmonics, which we observe in this case.
However, the pulse spectrum is very poor, with only two stable pulses and some higher harmonics and their linear combinations. If they originate on the white dwarf in the system, they may be forced pulsations, or pulsations in resonance with the secondary object. This could probably also happen in the disk, but there we have difficulties in explaining the constant splitting of 20.8 /¿Hz. The mystery of the missing fundamental period of P = 1051 s may be explained if neither the disk (too small) nor the central star (too hot) can support pulsations of this period.
If we interpret the frequency splitting as due to rotation of the white dwarf, we get a rotation period of 6.1 hrs. This means that the white dwarf is not co-rotating with the disk or the secondary object, and that we have a young system or an extremely small secondary object which may explain why we do not observe it. With a slow rotating accreting object, the inner part of the disk rotates much faster, and in order to accrete the material from the disk, it has to loose kinetic energy in the boundary layer between the disk and the white dwarf. This leads to a hot extended envelope which may produce X-rays which may be observed if they are not absorbed by the disk itself.
Conclusions
From the analysis of the WET data for AM CVn we have learned that the sidebands on the window function can modulate amplitudes and phases of pulsations in a systematic way, mimicking unresolved frequency splitting. Dense coverage or careful analysis is, therefore, necessary.
The XC0V4 data have solved some problems related to the previous observations of AM CVn and raised some new questions. The multiplet structure discovered may explain the phase jitter. Multiplet structure is also the signature of g-mode pulsations on a rotating white dwarf. However, the pulse spectrum is very poor, with only two stable pulses and some higher harmonics and their linear combinations. If they originate on the central white dwarf, they may be forced pulsations or pulsations in resonance with the secondary object. This could probably also happen in the disk, but for the disk we have difficulties in explaining the constant frequency splitting of 20.8 /iHz.
The 1011 s period has almost vanished, without passing the energy to other strong pulses. It may, therefore, have a different origin than the other pulses. It is tempting to relate the 1011 s peak to the orbital period which is observable only with variable amplitude, due to structural variations of the disk which may somehow reflect the light from the secondary. We may then interpret the /i and /2 pulsations as genuine pulsations of the central white dwarf driven by an outside source either in the disk or the secondary object. To be observed against the bright disk, these pulsations need to be quite strong and nonlinear (frequency sums), and the pulse shape harmonics are expected and observed.
Final comment
It should be noted that this contribution was prepared for the first WET workshop in Austin, Texas, November 1991, and reflects the status of the data analysis at that time. In a subsequent paper newer results are indicated (Solheim 1993 ) and the final results will appear shortly (Solheim et al. 1994 ).
